Objective: To evaluate the histopathological and antioxidant effects of vitamin E (VE) treatment on brain tissue in streptozotocin (STZ)-induced diabetic rats. Methods: Thirty two male Wistar albino rats were used. The study comprised four groups of 8 rats: Group A -untreated group, group B -diabetic group, group C -VE and group D -diabetic plus VE. In the diabetic groups, diabetes was induced by a single intraperitoneal injection of 65 mg/ kg STZ. Vitamin E was given 50 mg/kg/day i.p. for three weeks. Concentrations of glucose, malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) were detected in the haemolysate. Results: Glucose concentrations were increased in the blood of the STZ-treated rats compared with those in the diabetic groups (group B and D). The MDA concentrations in the brain from diabetic rats increased, whereas the GPx, SOD, CAT concentrations decreased. Treatment with VE returned concentrations of MDA, GPx, SOD and CAT toward control values. The MDA concentration in the diabetic group (20.65±2.24 nmol/mg Hb) was decreased compared with the VE treated group (15.54±1.32 nmol/mg Hb). There were no pathological differences between untreated and VE treated rats' brains. Neuronal ischemic damages were determined in STZ-induced diabetic rats. Ischemic neuronal alterations in group B (diabetic) had more damage than group D (diabetic + VE).
Diabetes is the most common serious metabolic disorder that cannot be completely treated and may result in complications if with inadequate medication. 1, 2 Diabetes causes a variety of functional and structural disorders in the central and peripheral nervous systems. [3] [4] [5] Diabetes is characterized by hyperglycemia and is associated with long-term vascular complications such as retinopathy, nephropathy, cardiopathy, and neuropathy. 6 Regulation of blood glucose can prevent the beginning and progression of diabetic complications. 7 Oxidative stress can lead to damage to the endothelium tissue in the blood vessels, increased blood cholesterol, advanced lipid peroxidation and blood platelet dysfunction. 2 Diabetes brings about ischemic damages in various brain regions because of increased oxidative stress caused by hyperglycemia. 8 Increased reactive oxygen species (ROS; e.g. superox-ide anion, hydroxyl radicals, peroxynitrite, hydrogen peroxide) can alter neuronal function because of neuronal death through protein oxidation, DNA damage, elevated nonenzymatic gylcosylation, peroxidation of membrane lipids. 9, 10 Previous studies have shown that treatment with antioxidants prevented neuronal cell damage caused by diabetes-induced oxidative stress. In some experimental studies the administration of free radical scavengers such as superoxide dismutase (SOD), catalase, glutathione, vitamin C, vitamin E (alpha-tocopherol) (VE), α-lipoic acid, beta-carotene, analog trolox C, decreased the concentration of free radicals. Lipid peroxidation in diabetes could be prevented by affecting some biochemical measurements. [10] [11] [12] Therefore, increased oxidative stress is the consequence of either enhanced ROS production or attenuated ROS scavenging capacity. 13 Vitamin E is a lipid-soluble chain-breaking antioxidant which protects, especially, biological membranes from lipid peroxidation. 2 Few studies have been performed on oxidative stress and antioxidants in relation to the brain. 2 The mechanism of action of antioxidants are not clear in the diabetes. 14 The aim of this study was to examine histopathological and antioxidant effects of VE on brain tissue in the streptozotocin (STZ)-induced diabetic rats.
Materials and Methods

Animals and experimental protocols
Thirty two male Wistar albino rats (250-300 g) were used in this study which was subject to the Guiding Principles for the Care and Use of Laboratory Animals and the Recommendations of the Declaration of Helsinki. All animal procedures were conducted in agreement with Eskisehir Osmangazi University guidelines for the care and animal ethics committee. Animals were housed in polycarbonate cages in a room with controlled temperature (22±2°C), humidity (50±5%), a 12 h cycle of light and dark, and were fed laboratory pellet chows and water ad libitum. The experiment was performed after a stabilization period in the laboratory for several days. Animals were obtained from the experimental research centre of the institute and all experiments were carried out in the same centre. Rats were anesthetized intraperitoneally with ketamine (50 mg/kg) and Xylazine (5 mg/kg). In the diabetic groups, diabetes was induced by a single intraperitoneal injection of 65 mg/kg STZ prepared in a 0.1 M citrate buffer solution, pH 4.5 (Sigma Chemical Co, St Luis, MO, USA). Blood glucose concentrations of all groups were measured at 24 h and 4 wks after STZ administration.
The study comprised four groups of 8 animals: group A -untreated group, group B -diabetic, group C -VE administration and group D -diabetic plus VE treatment. The VE was injected 50 mg/kg/day i.p for three weeks. To determine the antioxidant effect of VE on STZ-induced diabetic rats, 2 ml cardiac blood were taken from each rat into EDTA-tubes for measurement of serum glucose, malondialdehyde (MDA), SOD, catalase (CAT), and glutathione peroxidase (GPx) concentrations.
Determination of MDA
MDA concentrations were determined for products of lipid peroxidation by monitoring thiobarbituric acid reactive substance formation as described previously. 15 Activity was expressed as nmol/mg Hb.
Determination of SOD activity
SOD activity was assayed spectrophotometrically with a commercial kit. The Fluka SOD kit USA contains the reagents and solutions required for determining superoxide dismutase activity in an indirect assay method based on xanthine oxidase and a novel colour reagent. The haemolysate SOD activity was determined by inhibition of formosan dye (450 nm) employing the xanthin-xanthin oxidase enzymatic method to generate superoxide radicals and expressed as U/mg of hemoglobin. 
Determination of CAT activity
One unit (1U) of CAT equals the enzyme activity that recognized 1 µmol of hydrogen peroxide in 60 sec at 37 o C. Three blank samples were prepared according to Goth, 1991 . CAT activity was measured with determination of absorbance of three blank samples at 405 nm in spectrophotometer. CAT activity (kU/L) was calculated as = [ (Absblank1-Absblanksample) / Absblank 2-Absblank 3) ] x 271. Results were divided to sample hemoglobin amount ml/mg Hb. 16 
Determination of GPx activity
GPx activity was assayed spectrophotometrically with a commercial kit (GPx, Calbiochem kit, USA). Cellular glutathione peroxidase (c-GPx) is a member of a family of GPx enzymes whose function is to detoxify peroxides in the cell. Oxidation of NADPH to NADP + is accompanied by a decrease in absorbance at 340 nm, thus providing a spectrophotometric means for monitoring GPx enzyme activity and expressed as U/ mg of hemoglobin. After the cardiac perfusion, brain was isolated for histopathological examinations.
Histopathological examination
For light microscopic investigation, brain tissue specimens were fixed in a 10% formaldehyde, dehydrated in alcohol solution and were embedded in paraffin used for histopathological examination. Five micrometer (µm) thick sections were cut, deparaffinized, hydrated and stained with hematoxyline and eosin (H&E) under a photomicroscope (Olympus BH 2, Tokyo, Japan). All tissue sections were examined microscopically to characterize the histopathological changes, by an experienced histologist who was unaware of the treatment conditions.
Statistical Analysis
All data are expressed as the mean ± SD. The comparison between groups was performed by one-way analysis of variance (ANOVA), followed by Tukey's multiple comparison test to compare the mean values in groups. A probability value of P<0.05, P<0.001 were considered statistically significant.
Results
At the end of the experiment, blood glucose concentrations were increased in STZ-induced rats compared with group A and C ( 
Histological Findings
Groups A and C contained euchromatic nuclei, basophilic cytosol, axon and dentritis of normal multipolar neurons, (figure 1A) with normal heterochromatic nuclear structure of neuroglia cells (figure 1B). Group B contained neuronal necrosis areas, hemorrhagic focuses, damaged blood vessels (figure 2A, 2B) and distorted cell membrane with degeneration in pyramidal cells ( figure 2C ). Group D showed decreased neuronal necrotic areas (figure 3A), contain partially blood vessels, neuroglia cells, pyramidal cells degeneration and stained heterochromatic cells with undefined nucleus structure (figure 3B).
Discussion
STZ-induced diabetes is a well-recognised model of experimental diabetes. It provides a relevant example of endogenous chronic oxidative stress due to the resulting hyperglycemia. 17 The roles of oxidative stress in nerve damage have been performed in experimental diabetes and diabetic patients. 18 In the present study we showed that MDA concentrations increased in STZ-induced diabetes rats even though SOD, CAT and GPx activities were decreased. VE decreased the MDA concentration. In addition, VE increased SOD, CAT and GPx activities when VE was administered with STZ induced rat's hemolysate. These results confirm a previous study that STZ-induced diabetes was accompanied by increased generation reactive species. 19, 20 In the current study, we further examined the histopathological effects of treatment with vitamin E. There was no pathological change between untreated and VE treated rat's brain. Neuronal ischemic damages were observed in STZ-induced diabetic rats. Ischemic neuronal alterations in group B (diabetic) had more damage than group D (diabetic + VE). One previous study showed that brain damage caused by hypoglycemia increased the vulnerability of specific brain areas to neuronal damage like cortex and the hippocampus. In this study, untreated and VE groups had normal histological structure. Despite this, STZ caused neuronal necrosis area, hemorrhagic focuses, damaged blood vessels and distorted cell membrane with degeneration in pyramidal cells in diabetic group. 21 Piotrowski et al. demonstrated that oxidative stress in diabetic rat's brain led to neuronal cell death inashion a necrotic or apoptotic way. 22 Dheen et al. applied morphometric analysis and showed hypertrophy in supraoptic neurons of diabetic rats with semithin sections. However, they observed a lot of histopathological change under the electron microscope. 23 Neuronal damages after 30 min-middle cerebral artery occlusion were seen earlier and massive than in nondiabetic rats. At the 7th day of recovery, the mean damage area was larger in diabetic than in nondiabetic rats. These results suggest that activation of apoptotic cell death pathway may play an important role in aggravating brain damage in diabetic subjects. 14 Antioxidative vitamins used not only decreased the processes of lipid peroxides but also reduced structural damage and the impairment of tissue microcirculation. Dietary VE has been shown to be excellent for strengthening the antioxidative defense system by increasing the activity of SOD and GPx and increasing membrane fluidity in the brain of STZ-diabetic rats. 2 When neuroaxonal dystrophy was developed in gracile/cuneate nuclei, in chronic VE deficient rats, the distribution of axonopathy did not match the pattern of experimental diabetes and aging. 24 It has been suggested that antioxidant vitamin C might prevent leukocyte adhesion to the cerebral endothelium in diabetes mellitus and, thus, reduce the occlusion of capillaries by leukocytes in diabetic rats. 25 Diabetes has teratogenic effects in embryos. The addition of VE normalizes the embryonic antioxidant defense mechanism, reducing diabetes-induced embryonic damage. 26 Some studies have shown that VE deficiency changes the dynamics of the development of the antigen-specific CD8 + T cell response both in the periphery and in the central nervous system (CNS) via a combination of dendritic cell activation in the periphery and development of T regulatory cells. 27 Most of the studies have shown a protective or therapeutic effect of VE against the free radical injury and oxidative stress in the aging brain or alcohol-induced oxidative damage in brain. 28, 29 Administration of vitamin E exerts a protective effect on the locus coeruleus (LC) neurons in an early model of Parkinson's disease (PD). 30 The activity of chaperone-mediated autophagy, a selective pathway for the degradation of cytosolic proteins in lysosomes, is enhanced during oxidative stress. Also Cao et al. showed that vitamin E may partially inhibit activated chaperone-mediated autophagy during oxidative stress. 31 Diabetes leads to long-term complications in the brain, such as increased risk of stroke and small vessel disease. 8, 32 On the basis of above studies and our study we suggest the use of VE in diabetic patients in order to protect from the serebrovascular complications associated with diabetes.
In conclusion, oxidative stress develops in streptozotocin-induced diabetes in rats. This study revealed the neuroprotective effects of VE treatment on ischemic damages in diabetic central neuronal cells, caused by diabetic oxidative stress.
